This study deals with the elastodynamic modeling of a laser cutting machine and illustrates the guidelines followed for the design optimization of the machine's basic structure from the dynamic behavior point of view. A finite element model was set up along with the conceptual design of the new machine, with the aim of performing dynamic simulations. The main purpose is to predict the vibrations arising in the structure that could significantly deteriorate the product quality in order to evaluate different design solutions. The vibrations can be excited by variable forces acting on the moving masses and by the oscillations affecting the machine basement due to external causes. The original modeling of the excitations is presented herein. Modal analysis and forced simulations were performed on the finite element model of the first conceptual design of the machine structure. The analysis of the results indicated some critical parts of the system to be stiffened in order to mitigate the vibrations, that is to improve the cutting quality. Structural modifications to the first conceptual design were therefore suggested and a new model of the machine was developed and simulated. The results of the simulations before and after the design modifications are reported and discussed.
INTRODUCTION
Laser cutting machines present excellent performances nowadays: great accuracy and repeatability, high versatility (very complex shapes can be cut on a sheet metal), low deformation, and a fairly good productivity. In order to guarantee a good cutting quality and high working velocities, an elastodynamic analysis should be part of the design process of these machines. Indeed, if a machine were not designed in such a way to mitigate the effects of vibrations, the resulting behavior might be so deeply influenced that the machine could fail to correctly execute its task and to guarantee proper quality standards. In addition, high accelerations and dynamic stresses may occur, causing early fatigue failure and high levels of noise. The development of an elastodynamic model of the machine allows the estimation of the mechanical vibrations, the actual dynamic forces, and the system performance [1, 2] . This kind of modeling can be used as a tool for the design optimization of new machines to be developed from the early stage of their conceptual design.
The study presented in this paper deals with the elastodynamic modeling of a laser cutting machine and shows the guidelines followed for the design optimization of the machine basic structure from the dynamic behavior point of view. The overall architecture is significantly different from that of a previous version of a laser cutting machine already produced by the company which funds this activity. In particular, the old machine is provided with only one motion axis since it works in a machining center with a separate system for the sheet metal dragging. On the contrary, the new machine must have two orthogonal axes for the actuation of a planar motion to perform complex-shape cutting autonomously. In addition, the new machine must work with higher productivity and with the same high quality standards. The company therefore required a systematic methodology based on advanced modeling techniques to properly develop the design of the new machine.
The approach relies on a finite element model of the machine structure, its modal analysis and forced vibration analyses. In particular, an original modeling of excitations was
